Objective: The objective of this study is to assess the resistance status and yearly changes involved for house fly populations from six cities in Turkey. Methods: Field strains of house fly (Musca domestica L. Diptera: Muscidae) were collected in 2004-2006 from cow farms (Antalya, İzmir) and garbage dumps (Adana, Ankara, İstanbul, Şanlıurfa) in Turkey. The resistance levels of first and two generation offspring were determined against five insecticides (cypermethrin, cyphenothrin, deltamethrin, permethrin and fenitrothion). Results: While the highest resistance level for pyrethroid was determined for Antalya 2005 strain (851.97 Cypermethrin) and lowest resistance level for Şanlıurfa 2004 strain (2.06 Permethrin), the highest fenitrothion resistance was found in Şanlıurfa 2004 strain (50.37) and lowest fenitrothion resistance was found in Adana 2004 strain (6.45). Conclusion: Our results showed that pyrethroid resistance levels were very high and determined a decreasing trend for Antalya and İstanbul strains and an increasing trend for Adana and Şanlıurfa strain for all tested pyrethroid insecticides from 2004 to 2006. Although cypermethrin and cyphenothrin resistance showed a decreasing trend, deltamethrin and permethrin showed an increasing trend for the Izmir strain from 2004 to 2006. The same trend was also determined for the Ankara strain except for permethrin. Fenitrothion resistance was determined to be lower than pyrethroids, but these levels were still high. Flies from cow farms were generally more resistant than those from garbage dumps. Our results also revealed the presence of strong selective pressure on the populations. (Turkiye Parazitol Derg 2012; 36: 87-91) 
INTRODUCTION
The house fly, Musca domestica L. (Diptera: Muscidae) is a major pest for human and domesticated animals. It is a potential vector of many different diseases such as dysentery, typhoid, trachoma and cutaneous diphtheria (1, 2) . Insecticide resistance has developed within all populations of M. domestica L. around the world, causing an important problem for house fly control (3, 4) . There are many studies from around the world showing that flies in houses and animal shelters can develop high resistance to organochlorines, organophosphates, carbamates, and synthetic pyrethroids (5) (6) (7) (8) (9) (10) (11) (12) . Periodical or continuous evaluation of the resistance status of local populations of M. domestica to different insecticides can yield information about suitable usage of insecticides. Therefore, it is necessary to assess the resistance status of M. domestica continuously for development of effective and realistic control programs that can minimize insecticide resistance.
The objective of this study is to assess the resistance status and yearly changes involved for house fly populations from six cities in Turkey. Our goals were to survey the resistance levels of M. domestica populations which will help in understanding the direction of resistance for future monitoring efforts.
METHODS Insects
House fly samples were collected by sweep net in [2004] [2005] [2006] from six cities in Turkey. These areas were cow farms in Antalya and İzmir and garbage dumps in Adana, Ankara, İstanbul, and Şanlıurfa. GPS coordinates; brief descriptions and insecticide usage of locations are provided in Table 1 . The flies were colonized at the insectary in Hacettepe University Ecological Sciences Research Laboratory (ESRL). Flies were reared at 27±1°C and 65% relative humidity with a 12-h photoperiod. Collected female house flies were then left to lay eggs. Eggs were inoculated in larval medium 500 g wheat bran, 120 g powdered milk and 500 ml of water. Flies were bioassayed, beginning with the first generation of field-collected flies. The World Health Organization (WHO) standardized-insecticide susceptible reference strain was obtained from Danish Pests Infestation Laboratory as a control strain.
Insecticides
Five technical-grade insecticides were tested and each insecticide was diluted five times with analytical-grade acetone. All technical grade insecticides were obtained from the Hacettepe University Insecticide Tests and Production Laboratory. These were Cypermethrin (94%), Permethrin (96% cis-trans 25-75) (Changzhou, China), Cyphenothrin (93%) (Sumitomo Chem. Co), Deltamethrin (99.6%), (Aventis CropScience), Fenitrothion (99%) (United Phosphorus Ltd). Although many pyrethroid group insecticides are used in house fly control, usage rates of these insecticides (Cypermethrin, Permethrin, Cyphenothrin, Deltamethrin) are very high in Turkey. Fenitrothion was used for mosquito and house fly control in the 1990s but this insecticide usage is very limited in the 2000s in Turkey. Therefore we aimed to determine the resistance direction after give up usage insecticide. ) were used for the application surface. Application doses were determined according to WHO recommendations and five serially 1/5 diluted concentrations were used (15) . Maximum concentrations of WHO recommendations are provided in Table 1 . Five to seven day old females were used for tests and each tests consisted of four groups of 20 flies for each treatment level. Bioassays were conducted at 27±1°C and 65% relative humidity with a 12-h photoperiod. Flies were transferred to insecticide free clear jars after a one hour application period. Moist cotton and sugar impregnated cotton were placed on the top of each jar and mortality was determined after 24 hours from treatment with insecticides.
Data Evaluation
LD values were defined with Probit Analysis (16) using the EPA probit analysis program version 1.3. Resistance ratios of field populations were calculated with the formula shown below. Resistance ratio of WHO susceptible strain was accepted as 1.
RR= LD50 of field populations/LD of WHO susceptible populations.
RESULTS
The results of the residual bioassays are shown in Table 2 . The level of resistance of M. domestica L. for all treatment insecticides varied widely from year to year. However, fenitrothion resistance levels were lower than the pyrethroids used in this study. The change of resistance levels between years fluctuated greatly and was high for cypermethrin and cyphenothrin used in this study.
The highest resistance ratios were found in the Antalya strain Fenitrothion resistance ratios were determined to be low for all populations tested in this study ( Table 2 (23) reported low levels of Insect Growth Regulators (IGRs) resistance for some strain in the Antalya region. In this study, we found high resistance levels in a three year period towards pyrethroid group insecticides. This insecticide group has been used in housefly and mosquito control applications since the late 1980's and today in Turkey control applications depend greatly on pyrethroid. Fenitrothion has been used in control applications since the 1980's as residual exposure but the usage of this insecticide has decreased since the 1990's (21).
Pyrethroid group insecticide resistance levels were very high. We determined a decreasing trend in the Antalya and Istanbul strains and an increasing trend in the Adana and Şanlıurfa strains for this insecticide from 2004 to 2006. The decreasing trend may be related to the collection area and insecticide application profile. In these areas where cow farms are prevalent, application frequencies are lower than other sites such as garbage areas. In addition to this situation, cyphenothrin and deltamethrin were only used in the Istanbul collection area. Although cypermethrin and cyphenothrin resistance showed a decreasing trend, deltamethrin and permethrin showed an increasing trend in the Izmir strain. Although deltamethrin, permethrin and cyphenothrin were used in the last ten years in this area, this situation may be related to the application frequencies of these insecticides, or yearly rotations of these insecticides. Except for permethrin, the same trend was also determined in the Ankara strain. Although we determined a decreasing trend, resistance ratios were still high. The high level of resistance in all strains is expected to be due to the extensive usage of this insecticide group. The degree of resistance to cypermethrin and cyphenothrin were higher than the other two insecticides. This situation can be related to the usage of cypermethrin and cyphenothrin in vector control programs conducted during the last ten years in this area. The observed situation in the Antalya strain cannot be explained by the above given scenario, because insecticides used in this study are not a part of the control applications conducted in this area.
Since the 1990's, Fenitrothion usage was very low in control applications and our results confirm this situation. Although fenitrothion resistance ratios were low, we were still able to record moderate levels of resistance and also a decreasing trend from 2004 to 2006. This situation may be explained by usage of other organophosphate insecticide (Azametiphos for Ankara, Antalya, İstanbul and Şanlıurfa strain) in control applications.
A general examination of the data would seem to be indicating that resistance varies widely and is still high in all strains for pyrethroid group insecticides. Decreasing trends cannot be explained solely by insecticide usage. The sharpest decreasing trend was found for cypermethrin resistance in the Antalya strain and is not related to application profiles because cypermethrin has not been used in this area during the last ten years. Moreover, high resistance levels indicate that there are strong selection pressures on all populations. Chapman et al. (24) , showed selective pressure and resistance development for all insecticides after three trials for deltamethrin, cypermethrin and permethrin. Fenitrothion resistance ratios varied around approximately 6-50 fold and these ratios were very low for all tested populations in this study compared to the pyrethroid group. This situation may reflect the non-usage of this compound for control operations. In addition to these results, our findings suggest that genes leading to organophosphate resistance are preserved in the tested populations. Fenitrothion usage seems to be appropriate for control operations, however resistance levels will likely increase, since intense usage is necessary to deal with the above situation.
House fly resistance to insecticides is a big problem in Turkey as it is globally. In recent years insecticide resistance surveys of M. domestica have been conducted in Turkey. Akiner et al. (21) reported high pyrethroid resistance in six different locations in Turkey and also found low levels of fenitrothion resistance. Cakir et al. (22) showed resistance against cypermethrin and deltamethrin and also reported the efficiency of piperonyl butoxide (PBO) and PBO+tetramethrin for house fly control in Turkey. Cetin et al. (23) determined low levels of IGRs resistance in house fly populations of five different southwestern Turkey.
Although there are many registered compounds for house fly and mosquito control, these compounds tested in this study are still being used by operators. Therefore high resistance can be predicted towards these products. Therefore, conventional insecticide usage must be restricted before resistance becomes a serious problem. Cetin et al. (23) also indicated the same problem and reported low levels of resistance towards IGRs. Although in recent years studies monitoring and measuring insecticide resistance are increasing, there is still a need for further monitoring efforts for the establishment of effective control programs covering all aspects of resistance development.
